Introduction
After insemination, mammalian spermatozoa reside in the female reproductive tract for several hours before they acquire the ability to fertilize an egg by means of capacitation (Austin, 1951; Chang, 1951) . Sperm capacitation involves a series of molecular and cellular changes, including changes in the concentration of intracellular ions, the adenylate cyclase cAMP system and the plasma membrane (for review, see Yanagimachi, 1994) . Although the precise role these changes play in capacitation has not yet been clarified, they may facilitate two functions that appear to be essential for fertilization: the acrosome reaction and hyperactivated motility (for review, see Yanagimachi, 1994) .
The mammalian oviduct provides the environment for capacitation of spermatozoa. In cattle, the oviductal isthmus may serve as a sperm reservoir, which has also been suggested as the site where capacitation occurs (First and Parrish, 1987) . Heparin-like glycosaminoglycans and the oestrus-associated protein, which originate from the genital tract of cows, have been shown to stimulate capacitation in vitro (Parrish et al, 1989; McNutt and Killian, 1991; Anderson and Killian, 1994; King et al, 1994; Parrish et al, 1994) . In addition, it has been shown that the effects of oviductal secretions on sperm function vary with the stage of the oestrous cycle and oviductal region (Anderson and Killian, 1994; Grippo et al, 1995) . Capacitation of bovine spermatozoa in vitro using heparin facilitates induction of the acrosome reaction by solubilized zona pellucida (ZP) proteins or by the fusogenic lipid lysophosphatidylcholine (LPC) (Florman and First, 1988a; Parrish et al, 1988) . Although capacitation of bovine spermatozoa by heparin and oviductal secretions appears similar and involves increases in both internal Ca2+ and pH, differences have also been reported (Parrish et al, 1994; Vredenburgh-Wilberg and Parrish, 1995; King et al, 1994) .
It has been shown that bull spermatozoa from the cauda epididymidis already possess the ability to fertilize an egg (Amann and Griel, 1974) . However, accessory sex gland fluid do augment the fertility of cauda epididymal bull spermatozoa (Henault et al, 1995) . In addition, both stimulatory and inhibitory factors originating from the bull genital tract have been shown to influence capacitation and the susceptibility for acrosomal exocytosis in response to solubilized zona pellucida proteins or LPC (Florman and First, 1988b; Miller et al, 1990; Therien et al, 1995) .
Although several studies have demonstrated that the ability of bull spermatozoa to undergo the acrosome reaction in response to zona pellucida proteins or LPC is altered during capacitation and is influenced by both male and female genital tract fluids, it has not been reported whether the ability of spermatozoa to bind to the zona pellucida is also affected by capacitation. It is hypothesized that, during capacitation, the ability of bovine spermatozoa to bind to the zona pellucida is increased. Therefore, the purpose of this study was to determine whether the ability of bovine spermatozoa to bind to the zona pellucida is changed during in vitro capacitation, and whether this ability is influenced by accessory sex gland fluid. (Fig. 1) .
Materials and Methods

Materials
Differential interference microscopic evaluations of spermatozoa that were exposed to solubilized biotinylated zona pellucida proteins revealed spermatozoa that appeared as: (1) zona pellucida protein negative, acrosome-intact (Fig.  2a) ; (2) zona pellucida protein binding at the apical ridge, acrosome-intact (Fig. 2b) ; (3) zona pellucida protein binding at the acrosomal cap, acrosome-intact (Fig. 2c) ; or (4) zona pellucida protein negative, lost acrosome (Fig. 2d) (Fig. 2a) or over the entire acrosomal cap (Fig. 2c) was significantly greater than it was at 0 h of incubation (Fig. 3) Exposure of spermatozoa from the cauda epididymidis to accessory sex gland fluid increased the average number of spermatozoa that attached to the zona pellucida (Fig. 5 ). This increase was already appreciable immediately after sper¬ matozoa from the cauda epididymidis had been exposed to accessory sex gland fluid at 0 h of incubation. Moreover, after 4 h of incubation in MTMH, a further increase in the average number of spermatozoa that bound to the zona pellucida was only observed after spermatozoa from the cauda epididymidis had been exposed to accessory sex gland fluid.
Addition of accessory sex gland fluid to spermatozoa from the cauda epididymidis also had an effect on the percentage of spermatozoa that had bound solubilized zona pellucida proteins at the apical ridge or at the acrosomal cap. After exposure to accessory sex gland fluid at 0 h of incubation, the percentage of spermatozoa from the cauda epididymidis that had bound solubilized zona pellucida proteins was increased markedly (Fig. 6) . The (Cross and Overstreet, 1987; Lee and Ahuja, 1987; Mahmoud and Parrish, 1992, 1996; Ashworth et al, 1995) . Antibodies have also proven to be useful probes for studying the dynamics of sperm surface proteins during capacitation (Fusi et al, 1992; Ambrose et al, 1993; Rajamahendran et al, 1994 Asterisks indicate significant differences in percentage of sperma¬ tozoa that underwent the acrosome reaction (P < 0.05).
The present study does not provide direct evidence for the mechanism of the increased zona binding ability of bovine spermatozoa during capacitation. However, recent studies suggest that binding sites for the lectin WGA on bovine spermatozoa are either structurally altered or detached during heparin-induced capacitation (Medeiros and Parrish, 1991; Mahmoud and Parrish, 1992, 1996) . Loss of sialic acid from the sperm surface leads to a decrease in the net negative surface charge of spermatozoa (Langlais and Roberts, 1985 (Lee and Ax, 1984) , stimulate membrane reorganization through their interaction with sperm-bound bovine seminal plasma (BSP) proteins that have been described to bind to membrane phospholipids (Therien et al, 1995 (1988, 1989) (1992) proposed that BSP proteins originating from seminal vesicles play a regulatory role during capacitation. Therien et al (1995) showed that BSP proteins bind to membrane phospholipids and may be involved in membrane reorganization. In addition, BSP proteins reduced the time required for solubilized zona pellucida proteins and LPC to induce the acrosome reaction (Manjunnath et al, 1994; Therien et al, 1995) .
In pigs, a regulatory role during capacitation has been described for the spermadhesins that originate from the cauda epididymidis or the accessory sex glands (Dostalova et al, 1994 
